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An alloy and method, for making the same including alloying 
with platinum, rhodium, iridium and their mixtures, alone or 
alloyed with palladium a stable base metal capable of forming 
a refractory compound. The resulting alloy is heated in the 
presence of a molecular oxygen containing gas such as air or 
oxygen at a temperature ranging from 900° to at least I ,200° 
C; whereby .the stable refractory compound is formed inter- 
. nally of said alloy and is dispersed uniformly therethrough. 

, 10 Claims, 3 Drawing Figures 
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TREATMENT OF PLATINUM GROUP METALS AND 
ALLOYS 

This application is a continuation-in-part of our application, 
Ser. No. 520,361, filed Jan. 13, 1966, now abandoned. This 
invention relates to the treatment of platinum group metals 
and alloys. 

The platinum group metals and alloys of the platinum group 
metals with one another are much favored for use under con- 
ditions involving . high temperatures owing to their high ..melt- 
ing points and their extremely good resistance to. oxidation, 
such metals and alloys are extensively used in apparatus, for 
the glass industry where they are subjected to the action of air? 



and alloyed with palladium, with at least one member capable 
of forming a stable refractory compound and selected from 
the group consisting of beryllium, magnesium; aluminum, sil- 
icon, thorium, uranium, metals in the first transition series 
5 consisting of calcium through nickel, metals in the second 
transition series consisting of strontium through molybdenum 
and metals in the third transition series consisting of barium 
. through tantalum, said member being present in an amount 
ranging from a trace to 5 percent by weight of .said alloy, heat- 
10. ing said alloy in the presence of a gas containing molecular ox- 
ygen at a temperature ranging :fronv about 900° to . at least 
1 ,200° O; whereby said stable refractory, compound is formed 
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and the oxide or carbide addition in powder form and 1 their; 
subsequent processing by powder metallurgical methods. 

Another method of obtaining increased metallic strength, 
which has hitherto been applied to base metal and silver al- 
loys, is that known as internal oxidation. The basic require- 
ments for the effectiveness of such a method of strengthening 
are, firstly, that the main or solvent metal constituent shall dis* 



and mo!ten"giass, for example, as fairigs for glass-melting fur- v internally vdf^sajd. alloy, -and > dispersed uniformly 
naces, and bushings used in the manufacture of glass fibers. . therethrough: ■ ' _ ■ r ... 

Unfortunately, however, these advantageous properties are to 1 5/ ; Any base metal capable of forming:a ductile alloy with a 
some extent offset by. the low mechanical strength of, these platinum g^ a stable refractory com- 

metals under such conditions/ • ^ W 

Attempts have, in the : past, been made to. overcome this.disy:.^ loy; } Suitable metols which have been found satisfactory are 
advantage. For example, it has been proposed to effect a grain - > chromium, { beryllium, magnesium, •aluminum., silicon, rare 
stabilization of platinum metal by the addition of nonmetallic: 20 in the first, second 

substances such as oxides and carbides; to the platinum;. Such ^;:and^ strontium- 
procedure involves the separate production of the platinum >^ :\. - - . 

siVicidev 'boV^ ;ot any cpmpoiirid capable of being 

25 ;formed by the ^ interaction of a; gaseous phase with the base 
''metal.' .-'.-"-*■•■■ . - . 

The amount of the base metal ingredient or ingredients in- 
cluded in the alloy may vary from a trace to about 5 percent 
are, firstly, that the main or solvent metai constituent snan gis- but a. total amount from a trace up to no more than 1 percent 
solve considerable quantities of oxygen without forming a dis- 30 by weight of the alloy will, be found to provide satisfactory 
crete oxide phase and, secondly, that the minor or solute • results. . v : " 
metal, under the same temperature and pressure conditions, The internal treatment in accordance with the invention 
will react to form a discrete oxide phase of high stability. Al- , may De carried out in a number of ways. If the platinum group 
loys of silver with aluminum, beryllium, thorium and the like 'metal constituent of the alloy or composition consists wholly 
satisfy the above conditions and can be effectively subjected 35 or predominantly of palladium, the treatment may be carried 
to internal oxidation. ..... ... ^ 

The applicants have now surprisingly discovered that 
platinum, palladium and rhodium alloys containing a minor 
amount of a solute base metal or metals or platinum group 
metals alloys containing platinum, palladium or rhodium and a 40 
solute base metal, can be internally oxidized to produce a 
dispersion-hardened material. 

The object of this invention, therefore, is to provide an im- 
proved platinum group metal alloy, which shall offer increased 
mechanical strength at elevated temperatures. 

Another object of the invention is to provide a method of 
improving the high-temperature properties of platinum group 
metal alloys. 

A further object is to provide an improved palladium or 
rhodium alloy or composition or a platinum group metal alloy 50 
or composition containing platinum, palladium or rhodium ex- 
hibiting the properties of oxidation resistance and high 
' mechanical strength at elevated temperatures. 

A still further object is to enable platinum group metal al- »»v — --- - _ 0 

lovVor ^ improved properties to be 55 ing the alloy in air or oxygen at a temperature of 900 to 

priced by powder metallurgical procedures. 1 ,200° C. in order to cause complete internal oxidation ot tne 

According to one feature of this invention, therefore, an chromium constituent, 
alien 'or Composition having the properties of oxidation re- The following table illustrates the extent and type of ox. da- 
sistance and high mechanical strength at elevated tempera- tion of the above alloy at different temperatures in air, and 
tures comprises alloying a metal selected from the group con- 60 clearly indicates that complete oxidation is achieved at 1,200 
sisting of platinum, rhodium, iridium and their mixtures, alone C as stated abp.ve.^ 



Ul ^/I krUUiuumiii'; w. ^ , 

out with the alloy or composition in the massive form. 

If not palladium is present in the alloy or composition, or if 
palladium does into constitute the predominating metal, it will 
be found advantageous first to reduce the alloy or composition 
to powder form by suitable means, such as flame-spraying or 
electrosparking, before treatment ans subsequently to recon- 
stitute it to massive form . . 
" The internal treatment of the alloy or composition may be 
effected by heating the alloy in the presence of a suitable gas 
depending on the particular compound to be formed. Thus, if 
internal oxidation be required, air or oxygen is used and 
nitrogen or a carburizing gas such as ethane or ethylene is 
used if a nitride or carbide dispersion be desired. 

EXAMPLE I 

A palladium alloy containing 0.2 percent by weight of 
chromium may be fully oxidized in the massive form by heat- 



TABLE I 
Alloy: Pd/0.2% Cr. {thlckuosa=.060*> 



Ileal Irifiitinont 



4<J}tf hrs. 
at 

UlXf C. 



OOX lira, 
nt 

000* c. 



60 hrs. 
(it 

1,000* C. 



. 08 hrs. 
at 

1.000° a 



1 17^ hrs. 
at 

1,200° C. 



61 hrs. 
at 

1,300° 



118 hrs. 
• at 
1;300" C. 



fiOhrs. llfij^lirrt. 
at at 
1.40CP C: ti. 



Oxidation typo 

Ponotrntton 



.... g.ii.,t;c. 

200 



an., t.c. 
no 



OH. T.C. U.B;,T.C. O.U.,T.C. Mainly T.C. - _ Mainly T.O. . . T.f! . 
MO 600 Qxldlspd throUKhout specimen 



Notk. -CJ.H. ■ drain boundary oxido; T.C "•"TrarLicrystalllno oxld». 



11/07/2001, EAST version: 1.02.0008 



3 



3,640,705 



4 



EXAMPLE 2 

A 15-ounce charge of platinum was melted under pure 
argon in an induction furnace, and 0.05 percent by weight of 
zirconium added to the melt, which was cast under the same 
protective atmosphere into a copper ingot mould. 

The ingot thus produced was cold-rolled to sheet 0.040 inch 
thick, samples of which were annealed in air at various tem- 
peratures. A typical example of the effects observed is shown 
in FIG. 1, where internal oxidation is seen to occur around the 
grain boundaries and also within the body of the grains. 

The rate of oxygen penetration into the zirconium platinum 
alloy was found to be very low although considerable surface 
hardening occurred. After 160 hours at 850° C. surface hard- 
ness values of 1 60 H P were recorded. 

EXAMPLE 3 

Noble metal alloys- containing more than 75 percent by 
weight of palladium are known to suffer from hydrogen em- 
brittiement and this has been interpreted as an indication that . 
this metal is capable of taking oxygen into solid solution at 
high temperatures. 

In this Example, attempts were therefore made to ac- 
celerate the rate of oxygen penetration into platinum by ad- 
ding to it significant quantities of palladium and also rhodium. 

Platinum alloys containing 10 percent of palladium and 0.2 
percent of aluminum and also 10 percent of rhodium and 0.2 
percent of beryllium were made up by melting under an argon 
atmosphere and the resultant ingots were rolled to 0.060-inch 
thick sheet. Samples of the sheet were then annealed in air at 
temperatures ranging from 900° C. to 1 ,400° C. At the conclu- 
sion of the heat treatments the samples were sectioned and 
microhardness traverses were made across the traverse sur- 
faces thus exposed. 

FIG. 2 illustrates the changes of hardness observed. After 
98 hours at 900° C. the alloy containing 10 percent of palladi- 
um and 0. 1 percent of aluminum developed a surface hardness 
of 1 23 H r , a value considerably higher than that obtained on 
the annealed unoxidized alloy. This hardening effect 
penetrated 75 microns below the surface of the sheet test 
specimens. 

Higher temperatures were needed to obtain comparable 
hardness increases for the rhodium-bearing alloy. Heat treat- 
ment in air for 98 hours at 1,400° C. increased the surface 
hardness from 125 H r to 155 H r . Here again oxygen penetra- 
tion was limited to the outer 75 microns of the specimens. 

These results demonstrated that palladium increased the 
rate of penetration of oxygen into platinum more rapidly than 
rhodium and that thin platinum alloy sheet could be effective- 
ly hardened by internal oxidation. For the purposes of com- 
parison, curves showing the hardening effects caused by the 
internal oxidation of beryllium-palladium and aluminum-pal- 
ladium are shown in FIG. 2. Although oxidation has 
proceeded more rapidly inside these palladium alloys, the sur- 
face hardening effects are much less pronounced. 

EXAMPLE 4 

Platinum was alloyed as in Example 2 with 0.08 percent of 
titanium and the ingot so produced was worked to rod and 
sheet. A heat treatment of 50 hours at 1,400° C. in air in- 
creased the hardness of the annealed sheet from 50 to 75 H t .. 
Microcxamination showed that the oxidized layer was 40 
microns thick. The microstructure of this oxidized layer is il- 
lustrated in FIG. 3. 

EXAMPLE 5 

Bar specimens from the ingot prepared as indicated in Ex- 
ample 4 were swaged to rod approximately 1 cm. in diameter. 
Two such rods were assembled as electrodes in an elec- 
trospark erosion machine and disintegrated under an organic 
dielectric (white spirit) to fine powder, the bulk of which was 
less than 2 microns in diameter. Analysis showed that this 
powder contained 0.07 percent of carbon, indicating that ap- 
proximately 85 percent of the titanium had under the action of 
electroerosion reacted with carburizing vapors from the 
dielectric to form titanium carbide. 



After vacuum drying, this powder was pressed together and 
sintered for 16 hours at 1,400° C. in a vacuum, repressed and 
resintered to form an ingot having a density of approximately 
80 percent of the theoretical value. 

5 The ingot thus obtained was hot-forged in air at 1 ,400° C. to 
rod approximately 0.25 inch in diameter. This rod was then 
cold-swaged and drawn to wire 0.040 inch in diameter. 

The creep results obtained on such wire have been com- 
pared with those obtained from pure platinum and a rhodium- 

!0 plating aljoy produced by conventional methods in the table 
below, 

TABLE II 





Tensile creep tests at 1 


,400' C. }Ufe In Hours). 




Stress (p.s.i.) 


' • Platinum 


10%' Rhodium- 1 


Curburizcd 






'platinum 


Wire 


700 . 




40-60 


300-500 


■1400" 




10 


150-200 


. 2800 




1 10 





From Table II it will be seen that the creep life for the car- 
burized wire is very considerably improved when compared 
with the other samples tested. 

In the case of platinum-containing alloys, which oxidize 
more slowly than palladium alloys, it will be found preferable 
to reduce the cast alloy to powder form before initiating the 
oxidizing treatment. When oxidation is complete, the pow- 
dered alloy is then compacted and sintered at an elevated tem- 
perature. The sintered compact is then subjected to severe 
hot-working, for example, hot-forging or extrusion, to densify 
the material, and finally cold-worked to the required form. 

Platinum group metal alloys embodying, or when made by 
the method of, the. invention will be found to possess con- 
siderably improved properties at ambient or high tempera- 
tures compared with existing platinum group metal alloys, par- 
ticularly as regards mechanical strength and to be particularly 
suitable for use not only in the glass industry, as hereinbefore 
mentioned, but also for certain structural parts of jet engines, 
rocket motors, sparking plugs and glow plugs, and for furnace 
windings, and catalyst gauzes for chemical processes, such as 
the manufacture of nitric acid and hydrochloric acid. The im- 
proved alloys may also be found advantageous for use as elec- 
trical contact material. 

We claim: 

1. A method of making an alloy exhibiting the properties of 
oxidation resistance and high mechanical strength which com- 
prises alloying a metal selected from the group consisting of 
platinum, rhodium and their mixtures, alone and alloyed with 
palladium, with at least one member capable of forming a sta- 
ble refractory compound and selected from the group consist- 
ing of beryllium, magnesium, aluminum, silicon, thorium, 
uranium, metals in the first transition series consisting of calci- 
um through nickel, metals in the second transition series con- 
sisting of strontium through molybdenum and metals in the 
third transition series consisting of barium through tantalum, 
said member being present in an amount ranging from a trace 
to 5 percent by weight of said alloy, heating said alloy in the 
presence of a gas containing molecular oxygen at a tempera- 
ture ranging from about 900° to at least 1,200° C. whereby 
said stable refractory compound is formed internally of said 
alloy and is dispersed uniformly therethrough. 

2. The method of claim 1 wherein said alloy, heated in the 
presence of a gas containing molecular oxygen, is in powder 
form. 

3. A method of making an alloy exhibiting the properties of 
oxidation resistance and high mechanical strength which com- 
prises alloying a metal selected from the group consisting of 
platinum, rhodium, and their mixtures, alloyed with palladi- 
um, with at least one member capable of forming a stable 
refractory compound and selected from the group consisting 
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of beryllium, magnesium, aluminum, silicon, thorium, urani- 
um, metals in the first transition series consisting of calcium 
through nickel, metals in the second transition series consist- 
ing of strontium through molybdenum and metals in the third 
transition series consisting of barium through tantalum, said 
member being present in an amount ranging from a trace to 5 
percent by weight of said alloy, heating said alloy in massive 
form in the presence of a gas containing molecular oxygen at a 
temperature ranging from about 900° to at least 1,200° C. 
whereby said stable refractory compound is formed internally 
of said alloy and is dispersed uniformly therethrough. 

4. A method of making an alloy exhibiting the properties of 
oxidation resistance and high mechanical strength which com- 
prises alloying a metal selected from the group consisting of 
platinum, rhodium and their mixtures alloyed with palladium, 
with at least one member capable of forming a stable refracto- 
ry compound and selected from the group consisting of zir- 
conium, aluminum, beryllium, and titanium, the said member 
being present in an amount ranging from a tract up to 5 per- 
cent by weight of the said alloy, heating said alloy in the 
presence of a gas containing molecular oxygen at a tempera- 
ture ranging from about 900° to at least 1,200° C. whereby 
said stable refractory compound is formed internally of said 
alloy and is dispersed uniformly therethrough. 

5. A method according to claim 4 wherein the alloy com- 
prises 89.8 percent platinum, 10 percent palladium and 0.2 
percent aluminum, and where heating is carried out in an 
argon atmosphere. 
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6. A method according to claim 4 wherein the alloy com- 
prises 89.8 percent platinum, 1 5 percent rhodium and 0.2 per- 
cent beryllium and wherein heating is carried out in an argon 
atmosphere. 

5 7. A method according to claim 4 wherein the alloy com- 
prises 89.92 percent platinum, 10 percent palladium and 0.08 
percent titanium and wherein the heating is carried out in an 
argon atmosphere. 
8. The method of claim 4 wherein said alloy being heated is 
10 in massive form. '■ . 

.9. The method of claim 4 wherein said alloy being heated in 
in powder form and which method : includes; subsequent to 
heating said powdered alloy whereby said stable refractory 
compound is formed internally thereof and dispersed 
* ? uniformly therethrough, forming an ingot by pressing and sin- 
tering said powdered. alloy arid :thereafter hot-forging the in- 
' got '• ," ' • . >- '■■ 

10. A material consisting essentially of an alloy of metal 
selected from the group consisting of piatinum,;rhodium and 
20 their mixtures, with palladium,. and'.a\stabie: refractory com- 
pound formed internally of said alloy and dispersed uniform ly 
therethrough, said stable refractory compound being an oxide 
of a metal selected from the group consisting of zirconium, 
25 aluminum, beryllium and titanium, said oxide being present in 
said alloy in amounts ran^ng'frbni 1 trace to 5 percent by 
weight of said alloy, calculated on an elemental metal basis. 

V- - 
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